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Abstract Fluted pumpkin (Telfairia occidentalis Hook. f.) is
traditionally propagated by seeds, which have low viability
after pod harvest, low percentage germination, and poor root
development and often germinate during storage. The compe-
tition between use of seeds for consumption and propagation
causes scarcity of propagules, necessitating development of
more efficient propagation systems. Efficient protocols were
developed for the induction of somatic embryos (SEs) and
conversion into plantlets using cotyledons frommature zygot-
ic embryos. This study evaluated the effects of 2,4-
dichlorophenoxyacetic acid (2,4-D) and kinetin (25 combina-
tions) on the induction of SEs, and of indole-3-acetic acid
(IAA), 2,4-D, and kinetin (7 combinations) on conversion of
SEs into plantlets. Significantly more SEs (381.7; p<0.01)
were obtained on medium with 0.5 mg l−1 2,4-D and
0.1 mg l−1 kinetin than from the other 24 treatments after
4 wk of cotyledon culture. All SEs were obtained through an
intermediary callus. For the production of SE-derived plant-
lets, treatments with 0.01 mg l−1 IAA and 0.02 mg l−1 kinetin
resulted in significantly more shoots and roots than other treat-
ments (p<0.001 for each) and gave 100% conversion of SEs
to plantlets. The mean numbers of roots and shoots on this
treatment were 3.7 and 1.3, respectively, and the mean shoot
length was 2.2 cm. The plantlets had broad leaves and good
vigor, similar to the parent cultivar. Nearly all plantlets (98–
100%) survived acclimatization. The production of SEs from

cotyledons and the high rate of conversion into quality plants
will allow development of a mass production system for
Telfairia planting material to meet the increasing demand for
this crop.
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Introduction

The fluted pumpkin (Telfairia occidentalis Hook. f.) is an
indigenous, multi-purpose leafy vegetable consumed by mil-
lions of people in Nigeria and other parts of Africa as food and
used in ethno-medicine (Ajayi et al. 2006a; Kayode and
Kayode 2011). The plant is traditionally propagated bymature
seeds, and average leaf production is 16.5 mt ha−1 (Odiaka
et al. 2007). The pod ranges from 20 to 50 cm in length and
from 10 to 20 cm in diameter (Balogun et al. 2002; Chukwudi
and Agbo 2014a). The number of seeds within a pod varies
depending on the cultivar. The larger the pod size, the larger
the seeds produced (Chukwudi and Agbo 2014b).

Telfairia seeds are recalcitrant being limited by low seed
viability after pod harvest, low percentage germination, and
poor rooting (Balogun et al. 2002, 2007; Akinyemi and
Esuola 2012). In part, this is because the seeds are sensitive
to desiccation (Ajayi et al. 2006b): The critical moisture con-
tent required for the seeds to remain viable is 40% (Nkang
et al. 2000). Storage under moist conditions was suggested as
a means to prolong the viability of Telfairia seeds (Akoroda
1986). Frozen or low-temperature storage conditions are not
possible because the seeds are sensitive to chilling (Ajayi et al.
2006b). Consequently, the common storage practice among
local growers is to leave the seeds in the pod after harvest in

* E. E. Uchendu
esteruchendu@yahoo.co.uk

1 Department of Agronomy, University of Ibadan, Ibadan, Oyo State,
Nigeria

2 Department of Crop Protection and Environmental Biology,
University of Ibadan, Ibadan, Oyo State, Nigeria

In Vitro Cell.Dev.Biol.—Plant
DOI 10.1007/s11627-015-9728-3

Author's personal copy

IB
ADAN U

NIV
ERSITY

 LI
BRARY

http://crossmark.crossref.org/dialog/?doi=10.1007/s11627-015-9728-3&domain=pdf


order to prevent excessive desiccation prior to sowing
(Fig. 1A). A major limitation of this practice is that the mature
seeds germinate within the pod (Fig. 1B). This viviparous
nature of the seeds limits long-term storage. Pod rot resulting
from the activity of microorganisms also reduces the viability
of the seeds (Nwufo and Emebiri 1990).

The relatively long interval between seed sowing and
pod maturation in the field further limits the future supply
of planting material (Alegbejo 2012). Ehiagbonare (2008)
reported that the development of normal seedlings from
germinated seeds of Telfairia can also be a problem.
Modupeola et al. (2014) investigated the effects of seed
size and position within the pod on seedling development.
They found that large seeds (21–25 g) and seeds posi-
tioned at the top of the pod (i.e., closest to the stem)
had significantly improved seedling development com-
pared with other seeds in the pod.

In vitro culture techniques have been used to grow, multi-
ply, and conserve vegetative parts of many plants (Engelmann
2011) including Telfairia occidentalis. A number of studies
evaluated the effects of various plant growth regulators
(PGRs) on several explants including embryonic axes (Ajayi
et al. 2006a; Akinyemi and Esuola 2012), meristems and
shoot tips (Adesoye et al. 2012), nodal cuttings (Sanusi et al.
2008), and stems and leaves (Sakpere et al. 2014). Ajayi et al.
(2006a) cultured embryo axes and shoot tips of Telfairia
occidentalis and obtained the greatest growth response
(80%) from excised shoot tips planted on Murashige and
Skoog (MS) medium (Murashige and Skoog 1962) with
0.1 mg l−1 1-naphthaleneacetic acid (NAA) and 2.0 mg l−1

kinetin. This study did not provide data on plantlet production.
Adesoye et al. (2012) compared the effects of PGRs on
growth of shoot tips and meristem cultures of Telfairia
occidentalis and found that 2.0 mg l−1 6-benzylaminopurine
(BAP) and 2.0 mg l−1 indole-3-acetic acid (IAA) were the best
for shoot tip culture, while 2.0 mg l−1 BAP was most effective
for meristem culture. The authors concluded that shoot tip
culture was better than meristem culture for shoot regenera-
tion, but provided no information on root production. Sanusi
et al. (2008) cultured nodal segments derived from seedlings
of Telfairia occidentalis and found that indole-3-butyric acid
(IBA; 0.05 mg l−1) and BAP (0.01 mg l−1) gave the best result
for both rooting and shooting, but the experiment was not
replicated. Sakpere et al. (2014) examined the effects of
PGRs on the leaf, stem, and nodal segments of Telfairia
occidentalis and determined that a combination of kinetin
(3.3 mg l−1) and 2,4-dichlorophenoxyacetic acid (2,4-D;
5 mg l−1) significantly increased the percentage of callus in-
duction on the nodal segments compared to a combination of
BAP (0.25 mg l−1) and NAA (0.25 or 0.5 mg l−1). The authors
concluded that 2,4-D was better for callus induction than
NAA. It appears that no previous in vitro report has addressed
a complete production system.

Somatic embryogenesis has not been studied for the pur-
pose of vegetative propagation and conservation of Telfairia
occidentalis. An efficient protocol for somatic embryogenesis
of Telfairia occidentalis could enable its rapid clonal propa-
gation, widen the genetic base, and create a platform for mass
production and conservation. The present study focused on
the development of a somatic embryo (SE)-based production
system for plantingmaterials of Telfairia occidentalis by using
cotyledons to create an efficient protocol for SE induction and
conversion into plants. Studies were also carried out to deter-
mine the best practices for plant acclimatization and survival.

Materials and Methods

Source of plant material.Mature pods of Telfairia occidentalis
cv. NHTOCS-13, harvested within 1 mo, were obtained from
the field genebank collection (accession, NHTO-2) of the
National Horticultural Research Institute (NIHORT) in
Ibadan, Nigeria.

Explants disinfection. Mature seeds (Fig. 1C) were isolated
from pods of Telfairia occidentalis and surface disinfected
with 70% ethanol for 5 min followed by bleach (Clorox®
regular bleach [5.25% sodium hypochlorite]) at 35% (v/v)
for 20min and 17.5% (v/v) for an additional 10min. The seeds
were then thoroughly rinsed thrice with sterile distilled water
(~300 ml).

Explant culture. Cotyledons were excised from zygotic em-
bryos (Fig. 1D) of sterilized seeds and cultured in Petri dishes
on MS medium (Sigma Aldrich® #M5519, St. Louis, MO;
4.43 g l−1) with myo-inositol (100 mg l−1), kinetin
(0.02 mg l−1), indole-3-acetic acid (0.01 mg l−1), and 2 g l−1

gellan gum (PhytagelTM, Sigma Aldrich® #P8169) at pH 5.7.
Medium was autoclaved at 15 psi and 121°C for 15 min and
dispensed (20 ml per Petri dish). The cultures were maintained
at 25±1°C under a 16-h photoperiod at 25 μmol m−2 s−1 pro-
vided by cool-white fluorescent tubes (Eastar lighting,
Zhejiang, China). Light green cotyledons from 3-wk-old
in vitro cultures were used for the induction of SEs. All
chemicals used in this study were sourced from Sigma
Aldrich® Co.

Induction of somatic embryos. Light green cotyledon seg-
ments (~0.5-cm length) were excised and cultured in Petri
dishes on MS medium with 24 PGR combinations (20 ml
per dish); medium with no PGRs (T25) served as the control
(Table 1). Other medium components included 4.43 g l−1 MS,
100 mg l−1 myo-inositol, 30 g l−1 sucrose, and 2 g l−1

Phytagel™, and the pH of each medium was adjusted to 5.7.
The PGR concentrations were chosen based on relevant liter-
ature (see BIntroduction^ section). The experimental design
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was completely randomized with three replicates. A total of
375 seeds were extracted from seven pods. For each treatment,
ten excised cotyledons were cultured (one cotyledon per 5-cm
sterile plastic Petri dish) for a total of 750 excised cotyledons
on the 25 treatment combinations. Data were collected at 4 wk
on the percentage of cotyledons per treatment that produced
embryogenic callus and the number of SEs per treatment.
Callus was examined and embryo counts done using an
XDY-1 Fluorescence Inverted Microscope (Vanco Industries
Co. Ltd., Ningbo, China), and photographs were taken with
the camera on an OLYMPUS IX51 inverted microscope
(Olympus America Inc., Melville, NY). All SEs were trans-
ferred to PGR-free MS medium with 3% sucrose for 7 d to
mature before transferring to conversion medium.

Somatic embryo conversion into plants. The culture medium
for converting SEs into plantlets consisted of either 2,4-D or
IAA (0 and 0.01 mg l−1) in combination with kinetin (0, 0.02,
and 0.10 mg l−1); the control (M7) contained no PGRs
(Table 2). All treatments contained MS (4.43 g l−1), sucrose
(30 g l−1), myo-inositol (100 mg l−1), and Phytagel (2 g l−1),
and the pH of each medium was adjusted to 5.7. The experi-
mental design was completely randomized with three repli-
cates. Twenty SEs were randomly selected and cultured per
treatment, per replicate (n=60). Data were collected at 4 wk
after culture and included the number of roots, number of
shoots and shoot length per treatment, the percentage of SEs
per treatment that converted to plantlets, and the number of
SEs that produced callus during the conversion stage.

Establishment of plants in the screenhouse. Plantlets obtained
from the conversion experiment were washed in running tap
water to remove the culture medium. The plantlets were
transplanted into sterile topsoil in small (4×4 cm) polyethyl-
ene bags and watered twice daily (morning and evening). The

plantlets were initially transferred to a shaded area of the
screenhouse for 5 d and then transplanted into larger plastic
containers (15 cm diameter×20 cm height) and transferred to
an area with more exposure to sunshine. Two planting sub-
strates were tested for the establishment of plantlets: sawdust
(pulverized wood) and topsoil mixed with straw of dried
Tridax procumbens L. (soil mixture, ratio 1:1 [w/v]). The
chemical profile of Tridax procumbenswas previously report-
ed (Ikewuchi et al. 2009). Each planting substrate had ten
plants per replicate (one plant per pot). The plants on sawdust
were watered once daily (morning) while the plants on topsoil
mixed with straw of dried Tridax procumbensL. were watered
twice daily (morning and evening) with a plastic watering can
and about a liter of water per pot, per watering regime. The
experiment was completely randomized with three replicates
(n=30). Plant survival data were collected at 4 wk after
transplanting.

Statistical analysis. The data were subjected to analysis of
variance (ANOVA) using the Genstat 2010 statistical package.
Differences among treatment means were considered signifi-
cant at p≤0.05. Duncan’s multiple range test was used for
means separation.

Results

Effects of 2,4-D and kinetin on the induction of somatic
embryos. The 2,4-D and kinetin had significant (p<0.01) ef-
fects on the production of embryogenic callus and SEs of
Telfairia (Table 1 and Fig. 2A–E). Treatments T13 and T17
produced embryogenic callus on all cotyledon segments
(100%), which was significantly (p<0.01) better than any of
the other treatments. The control (T25) and T21–T24 (kinetin
only) did not produce any callus. Other treatments (T1–T4,

A
B

C D

Figure 1 (A) Mature pod of
Telfairia occidentalis (20×10 cm,
length×width). (B) Germination
of seeds of T. occidentalis in the
pod, 30 d after pod harvest. (C)
Seeds of T. occidentalis (2.3-cm
length). (D) Zygotic embryo axis
of T. occidentalis with cotyledon
(2 mm length).
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T6, T11, T18) produced only non-embryogenic callus. The
most SEs (381.7) were obtained on T17, which was

significantly more than on any other treatment. Among the
treatments that produced SEs, the fewest were produced on
T5 (67.3, Table 1).

Effects of plant growth regulators on the conversion of somat-
ic embryos into plantlets. The conversion of SEs into plantlets
was achieved using IAA and kinetin. Among the six PGR
combinations and non-PGR control, only M5 (0.01 mg l−1

IAA and 0.02 mg l−1 kinetin) produced plantlets (Fig. 3).
M5 produced conversion of all SEs (100%) to plantlets (data
not shown). The mean number of shoots (NS) was 1.3
(p<0.001) and shoot length (SL) was 2.2 cm. The highest
number of roots (NR) was observed on M5 (3.7), which was
significantly higher (p<0.001) than the other treatments. The
SEs produced roots within the first 3 d of culture while it took
about 2 wk for the shoots to emerge. A few callus formation
(CF) occurred on M1, M4, and M5. All plants produced
through SEs or somatic embryogenesis (Fig. 4A, B) appeared
morphologically similar to the parent cultivar (Fig. 4C), with
broad leaves and good vigor, and had a relatively uniform
growth pattern.

Effects of two planting substrates on plant growth. There was
no significant difference between the survival of plantlets on
the sawdust and soil mixture although they had different
water retention capabilities. The sawdust retained more
water and remained too moist if watered twice a day.
Survival in pots with sawdust was 98% while survival in
the soil mixture was 100% (data not shown). Plants
established in the screenhouse (Fig. 4D–E) were morpholog-
ically similar to the parent cultivar (Fig. 4C), with broad
leaves and good vigor.

Discussion

This study demonstrates an efficient protocol for the induction
of SEs of Telfairia occidentalis using cotyledons from mature
zygotic embryos and the conversion of SEs into plantlets. The
SE method is a suitable system for the mass production of
quality planting materials and could be an alternative strategy
for the in vitro germplasm storage of Telfairia occidentalis. An
SE-based production system may improve the yield of leaves
per hectare because the plant materials are expected to be of
higher quality. SEs are also useful materials for genetic trans-
formation for future improvement in yield and nutrients of this
crop. In addition, the availability of an SE protocol for
Telfairia occidentalis makes possible the production of syn-
thetic seeds (encapsulated SEs), which have many biotechno-
logical applications (Redenbaugh 1990).

Other tissue culture protocols have been reported as alter-
native methods for the propagation of Telfairia (Ajayi et al.
2006a; Sanusi et al. 2008; Adesoye et al. 2012; Akinyemi and

Table 2 Treatments on MS medium with 2,4-D, indole-3-acetic acid
(IAA), and kinetin for conversion of somatic embryos of Telfairia
occidentalis into plants

Treatment Plant growth regulators (mg l−1)

2,4-D IAA Kinetin

M1 0.01 0 0

M2 0.01 0 0.02

M3 0.01 0 0.10

M4 0 0.01 0

M5 0 0.01 0.02

M6 0 0.01 0.10

M7 (control) 0 0 0

Table 1 Embryogenic callus and somatic embryo production from
cotyledons of Telfairia occidentalis on MS medium with 2,4-D and
kinetin

Treatment Plant growth regulators
(mg l−1)

Embryogenic
callus (%)

No. of somatic
embryos

2,4-D Kinetin

T1 0.01 0 – –

T2 0.01 0.10 – –

T3 0.01 0.50 – –

T4 0.01 1.00 – –

T5 0.01 2.00 35d 67.3f

T6 0.05 0 – –

T7 0.05 0.10 73.33b 216.7c

T8 0.05 0.50 53.33c 158.0d

T9 0.05 1.00 53.33c 148.3d

T10 0.05 2.00 50c 110.0e

T11 0.10 0 – –

T12 0.10 0.10 75b 253.7b

T13 0.10 0.50 100a 201.0c

T14 0.10 1.00 51c 167.0d

T15 0.10 2.00 50c 166.0d

T16 0.50 0 75b 166.7d

T17 0.50 0.10 100a 381.7a

T18 0.50 0.50 – –

T19 0.50 1.00 75b 129.3e

T20 0.50 2.00 75b 141.7d

T21 0 0.10 – –

T22 0 0.50 – –

T23 0 1.00 – –

T24 0 2.00 – –

T25 (control) 0 0 – –

Means in a column with the same superscript letter are not significantly
different at p≤0.05. Dashes (–) indicate that no response was observed
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Esuola 2012; Sakpere et al. 2014). This is the first study ad-
dressing a complete production system, from somatic embryo-
genesis to screenhouse-established plants, that is directly ap-
plicable or transferable to the commercial production of
Telfairia.

This study demonstrated that the induction of SEs in
Telfairia was significantly increased by 2,4-D (0.5 mg l−1)
and kinetin (0.1 mg l−1). The cytokinin alone was not effective
for induction of embryogenic callus and SEs. Both of these
PGRs are commonly used for the induction of callus and were
previously tested for callus induction in Telfairia (Sakpere
et al. 2014). This is the first report in Telfairia that shows
the effects of these PGRs on SE induction and conversion into
plantlets. Among the treatments tested, the highest number of
SEs (381.7) was observed on medium containing 2,4-D
(0.5 mg l−1) and kinetin (0.1 mg l−1). This is similar to the
work of Tiwari et al. (1998), who produced SEs of Brahmi
[Bacopa monnieri L. (Wettst.)] using similar amounts of the
same PGRs: 2,4-D (0.2 mg l−1) and kinetin (0.1 or 0.5 mg l−1).
Al-Sabah et al. (2012) obtained embryogenic callus of Amla
(Emblica officinalis Gaertn.) on MS medium with 2,4-D

(5 mg l−1) and kinetin (1 mg l−1) and proembryos on MS
medium with 2,4-D (1 mg l−1) and kinetin (0.1 mg l−1).

Somatic embryogenesis of Telfairia involves an intermedi-
ary embryogenic callus phase (Fig. 2A, B). A high percentage
of explants with embryogenic callus was observed. The SEs
had well-organized structures (Fig. 2C–E). In the absence of a
well-organized structure, many SEs are unable to form or
convert to plants (Nickle and Yeung 1993).

Only treatment M5 (0.01 mg l−1 IAA and 0.02 mg l−1 ki-
netin) promoted the conversion of SEs into plantlets; NR was
3.7, NS was 1.3, and SL was 2.2 cm (Fig. 3). Olowe et al.
(2014) obtained 1.6 shoots and SL of 1.46 cm from shoot tip
cultures of field-grown Telfairia occidentalis planted on 1/2-
strength N6 medium (Chu 1981) with 0.05 mg l−1 BAP, but
unlike in the present study, the authors observed no root for-
mation in their optimal treatment. Adesoye et al. (2012) ob-
tained only one shoot from each shoot tip culture on 1/2-
strength N6mediumwith 2.0 mg l−1 BAP and 2.0 mg l−1 IAA.

A few treatments in the present study (M1, M4, and M5)
promoted callus formation (Fig. 3), which is not uncommon
during organogenesis in Telfairia occidentalis. Olowe et al.
(2014) observed callus formation on all combinations of BAP
and 2,4-D as well as on almost all combinations of BAP and
IAA tested with shoot tips derived from field-grown Telfairia
occidentalis, whereas BAP alone had no effect on callus pro-
duction. Balogun et al. (2007) also reported callus formation
during the in vitro regeneration of Telfairia occidentalis stem
segments cultured on medium with 3.0 mg l−1 BAP and
1.5 mg l−1 NAA. Sakpere et al. (2014) developed a good
callus production system for Telfairia occidentalis using
field-grown plants. They obtained about 80% callus induction
from stem segments cultured on mediumwith 0.25 mg l−1 BA
and 0.25 mg l−1 NAA; the highest cumulative percentage of
callus induction (35%) was on MS medium with 2,4-D
(5 mg l−1) and kinetin (0.1 mg l−1). In the present study,
100% callus induction was obtained with a combination of
2,4-D and kinetin (T13 and T17, Table 1). The difference
between these results may be due in part to explant type or

A B

D E

C

Figure 2 Indirect somatic
embryogenesis: (A) callus formed
on a cotyledon segment (~0.5-cm
segment length) after 4 wk of
initial culture, (B) proliferated
embryogenic callus, (C) somatic
embryos formed after 4 wk of
initial culture, (D) 4-wk-old
somatic embryo of Telfairia
occidentalis (2-mm length), (E) 5-
wk old somatic embryo of
T. occidentalis undergoing
growth changes.

Figure 3 Mean number of roots (NR), number of shoots (NS), shoot
length (SL; measured in centimeters), and number of explants with
callus formation (CF) on treatments M1–M7 (Table 2). Error bars
indicate standard errors.

SOMATIC EMBRYOGENESIS OF FLUTED PUMPKIN

Author's personal copy

IB
ADAN U

NIV
ERSITY

 LI
BRARY



the concentration of 2,4-D used. However, the results of both
studies agreed that kinetin alone was not adequate for callus
induction. Callus production could be of advantage in produc-
ing important variants (Fras and Maluszynska 2004), particu-
larly for a crop plant such as Telfairia that has narrow genetic
diversity.

Plantlets transplanted into the screenhouse survived at high
percentages (98–100%) in both treatments. Given the high
survival of plants on both soil mixture and sawdust, either
one could be used in the propagation of Telfairia. All plants
appeared healthy with good vigor (Fig. 4D, E). Telfairia is a
crop with enormous potential for food, medicine, and income
generation for millions of people in Africa (Okoli and
Mgbeogu 1983; Alegbejo 2012). The traditional propagation
of this crop by seed limits conservation efforts due to the
seed’s inherent physiological problems (short-duration
viability and vivipary) and to diseases transmitted through
seeds such as Telfairia mosaic virus (TeMV) (Anno-Nyako
1988). TeMV causes severe damage to the plant including
reductions in chlorophyll and nitrogen content, resulting in
poor growth (Mofunanya et al. 2014). The results of the pres-
ent research offer a biotechnology-based alternative to seed
propagation. The production of SEs from virus-free plants
could greatly improve planting stock. The efficient SE proto-
col developed in this study could be a catalyst toward the
large-scale production of this crop. Currently, 80% of
Telfairia production and marketing is undertaken by rural
women and girls in Africa (Odiaka et al. 2007). This study,
by providing a method to generate quality planting materials,
may increase income and improve the livelihood of Telfairia
growers.

From this study, the following steps are recommended for
propagating Telfairia through somatic embryogenesis: (1) ini-
tiation of bacteria- and virus-free explants in vitro, (2) induc-
tion of embryogenic cells/SEs using 2,4-D (0.5 mg l−1) and
kinetin (0.1 mg l−1), (3) maturation of SEs on PGR-free

medium, (4) conversion of SEs to plants using medium with
IAA (0.01 mg l−1) and kinetin (0.02 mg l−1), and (5) estab-
lishment of plantlets in top soil mixed with straw as this pro-
duced a higher survival percentage than sawdust.
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